It is very important to guarantee the quality of the industrial products by means of visual inspection. In order to reduce the soldering defect with terminal deformation and terminal burr in the manufacturing process, this paper proposes a 3D visual inspection system based on a stereo vision with single camera. It is technically noted that the base line of this single camera stereo was precisely calibrated by the image processing procedure. Also to extract the measuring point coordinates for computing disparity; the error is reduced with original algorithm. Comparing its performance with that of human inspection using industrial microscope, the proposed 3D inspection could be an alternative in precision and in processing cost. Since the practical specification in 3D precision is less than 1 pixel and the experimental performance was around the same, it was demonstrated by the proposed system that the soldering defect with terminal deformation and terminal burr in inspection, especially in 3D inspection, was decreased. In order to realize the inline inspection, this paper will suggest how the human inspection of the products could be modeled and be implemented by the computer system especially in manufacturing process. key words: image processing, single camera stereo vision, electronic devices, terminal lead, soldering defects inspection
Introduction
It is indispensable to prepare for the spreading variations in product design and for the shortage in product life cycle, under the changing circumstances of portable phone, PC, and several electronic devices. Accordingly the inspection of the electronic devices must be shorten in development period, must be enforced in precision and also be refined in size. [1] -[3] Therefore image processing is becoming one of the important key technologies in this field. This paper proposes a flexible image processing system for the inspections of electronic device's terminal lead such as small size connectors implemented on general purpose PC.
[4]- [6] In the real production line, inspection of electronic devices is categorized into two basic categories: visual inspection and size measurement. The former is a task for replacing human visual inspection and the latter is one for replacing human works using special measurement equipment. In order to introduce 3D measurement for the 3D form of the electronic devices of which form is complicated, and to introduce high precision measurement, an optical probe system or the optical cutting method are normally used for these 3D measurements.
[7] However, the laser apparatus for lighting is needed and itwill become an expensive and complicated system.
To do this in our research, we propose an inspection environment for realizing not expensive and highly precise 3D measurement scheme and its algorithm. Figure 1 show the soldering state of a terminal lead, which consists of copper alloy. Since the size of the device and the number of terminals are not always fixed, inspection system must cope with the variations both in size and in number, and must cover 3D measurement supplemental to 2D measurement.
The Necessity for 3D Measurement
Conventionally, the skilled inspector was conducting visual inspection of electronic devices. However, since electronic devices are miniaturized, it is becoming difficult to detect a defect visually. Therefore, this inspection is conducted by using the profile projector or the industrial microscope. However, this inspection has some problems such as the method of total inspection of the electronic devices with the cheap cost price. The problem is that work cost becomes high or production efficiency also becomes bad. Furthermore, it is accompanied also by the risk of generating a new defect. [8] The improvement methods of the problem are two kinds of inspection that used image processing. They are pitch inspection that measures the distance during an adjacent terminal lead and detects the gap of a position to a pattern, and the flatness inspection that measures the amount of crevices between a terminal lead and PCB surface. Pitch inspection can be measured in simple inspection environment shown in Fig. 2 by 2D image processing. The flatness inspection needs to customize the composition of the machine part of lighting environment and the work Fig a camera is fixed and the work is set movable along with the feeder, and the left and right stereo images were captured at the respective moment before and after the mechanical feeder motion. The baseline was precisely calibrated by using the corresponding feature points extracted from these two images. And the work was moved to the direction of perpendicularly intersection at the edge with feature point.
Detection Method for Terminal Lead Deformation
Primal feature points can be extracted from the upper surface of the terminal lead, and these feature points can be utilized to detect the defects by measuring the respective distance between the point (h(1), h(2),..., h(4) in Fig. 5 ) and the camera along the edge of the terminal lead. And the deformation state of a terminal lead is judged by comparing distance h(1) to distance h(4).
The Unstable Element and Measurement Method of Inspection

Why Base Line Must be Concurrently Adjusted
At every time when the device feeder stops around in front of the camera, the feeder distance must be exactly measured, because the mechanical feeder does not per-form so sufficient in precision that the base line length can be estimated.
In addition, the device on the feeder is likely to fluctuate both horizontally and vertically.
In order to cope with these situations, we installed a hardware equipment not to suffer from the mechanical vibration, and we developed a software countermeasure to estimate the exact base line length by the image processing technique.
[15] The details of the algorithm will be presented in the next chapter.
The Method of Measuring Point Extraction
Accuracy is extremely important in the extraction of a measuring point in this system. An accurate measurement of the reference point of the device must be realized from a pair of stereo images in order to measure the real length of the movement of the feeder as the base line length.
Relative Stabilization of the Feeder Motion
For providing the accurate length of the base line, it is necessary to compensate the position variations of the mechanical control of the feeder due to the inertia of the feeder. Then we introduced the following countermeasure based on an image processing method applicable to a set of stereo images. I. First let the symbol mark ( Fig. 6 ) of the block stage be extracted. II. Then let the coordinate system of the respective device be generated at the symbol mark as an origin point OPn (Fig. 7) . III.
Step I and II are repeated at every motion of the feeder. IV. Let the difference of a pair of origins be calculated as the baseline length D by Eq (1) (Fig. 8 ). 
Feature Points Extraction
Feature points are extracted from a pair of stereo images for providing the stereo correspondence by the following procedure: I. A small local region is prepared for the intensive image processing based on the origin preliminary extracted. II. Edge image is extracted from the small local region by using Laplacian-Gaussian processing. III. In order to extract the local coordinate system on the device, pair of perpendicular straight line shown in Fig. 9 is extracted from the edge image by RMS line fitting procedure defined by Eqs.
(2), (3) and (4).
(2)
IV. Let the crossing point of these fitted lines be the origin of the local coordinate system of this device. V. The circle of arbitrary radii and the intersection of RMS line centering on an origin point q are considered as the position of the measuring point p extraction (Fig. 10) . 
Performance Evaluation of Inspection System
Common Equipments
The inspection system was implemented on a PC with the following specifications: I. PC processor: celeron 2.4GHz II. OS: Windows2000 Fig. 13 The measuring point p after rotation compensation. 
Experimental Environment
In order to verify the inspection accuracy, an experimental environment, shown in Fig. 16 , was fabricated in this research.
Processing Time
The processing time was 0.65 sec in average for one device (40 terminals). 
Experimental Performance Evaluation
Validity of a Measurement Value
Comparing with the other measurement experiment by means of industrial microscope, experimental results of 3D inspection by they proposed method is evaluated, and it was visualized in Fig. 17 (5 samples) . It was clarified that the difference between them was limited within -0.018mm and +0.030mm, that the difference distribution of each sample was limited within the range of 0.03mm in average, and therefore that the proposed method can be applicable as an alternative of the traditional human inspection.
Repetition Measurement Accuracy
We conducted 50 times experiments for each device and we can show the deviations in the measurements. The length of Fig. 18 Deviation in measurements of the proposed system. Fig. 19 Experiment result of work feed distance.
a baseline has a maximum of about 0.2mm variation. However for example, the range data of the deviation in Fig. 18 was 0.013mm maximum.
Reliability of Work Move Distance Change
In order to check change of measurement value h(1), the move distance of one sample is changed from 30mm to 25mm. When the tolerance level of change was set up with the picture resolution of 0.03mm, it became clear to follow in the amount of change of 25.5mm (-4.5mm) (Fig. 19) . Even when the move distance of a work much changed, it has checked maintaining measurement accuracy. It means that capture image and inspection of it are attained during work movement.
Reliability of Work Posture Change
In order to check change of measurement value h(1), the amount of posture rotations of one sample is changed to 0.31 degrees -1.58 degrees. When the tolerance level of change was set up with the picture resolution of 0.03mm, it became clear to follow in the amount of change of 1.30 degrees (Fig. 20) .
Result of Terminal Lead Inspection
The electronic devices of Fig. 21 has 40 terminals were able to be measured, and a detailed form change of a terminal lead has been recognized. (Fig. 21 shows the graph of the terminal lead measurement result of six samples.) Inspection of the five samples was tried 20 times (a total of 100 times) with this experiment equipment respectively. It turns out that the result of the inspection carries out an exact judgment in 97 times/100 times inspections. Table 1 Result of terminal lead inspection .
( Table 1 is as a result of inspection.) Only one sample (Sample 3) became the inaccurate judgment. The position of this where the measurement point was extracted was not accurate. It is thought that the extraction position changed due to the irregularity of the background though it is important to extract the measurement point from the edge of the terminal lead. The problem can be improved by adding the inspection environment and the preprocessing.
Conclusion and Future Subjects
Conclusion
We evaluated measurement accuracy and the adaptability to the posture change of a work by the experimental equipment.
The processing time was 0.65 sec for one device. This processing time was estimated based on 50 times experiments. And from the result of an experiment, when the baseline length changes with a maximum of 4.5mm or 1.3 degrees of the device fluctuation in motion, it was clarified experimentally that the error in the positioning procedure was reduced to 1 pixel (about 0.03mm) or less.
Through these technical discussions, we could demonstrate that a high precision measurement system for small electronic devices can be developed even if the devices are fed without specialized mechanical stabilization both against the horizontal positioning and against the vertical regulation in posture. And inspection by this system attained 97% of validity.
Future Subjects
In order to improve the performance and to put the system more practical, the followings should be solved: I. The problem of the measuring point p extraction will be improved by adding the inspection environment and the preprocessing. And a long term field test at the real production line should be executed to evaluate and enforce the performance. II. The application will be able to be improved by the position of the measurement point extraction being enhanced from the edge of work to the surface. Takashi Watanabe is currently a researcher of the Institute for Advanced Studies in Artificial Intelligence, Chukyo University from 2000. From 2004, he has been with the graduate student of the school of information science doctoral course of Chukyo University. He is engaged in the research of the 3D measurement. He is a member of JSPE. 
